Entire hydras or tentacles were fixed in OsO4 or in KMnO~ and thereafter washed, dehydrated, and embedded in a methacrylate mixture. Ultrathin sections were cut on an experimental model, thermal expansion type ultramicrotome or on a Porter-Blume microtome. The sections were examined in an RCA electron microscope, Type EMU-2 D. "Squash preparations" for light microscopy, were made from the hydra mouth region and the attached tentacles. These were observed with an AO Baker interference microscope.
INTRODUCTION
In the first reference to nematocysts, Trembley (1744) described them as little "graines" on the " a r m s " of hydra. Ehrenberg (1836) , Erdl (1841) , Wagner (1835) , and Corda (1837) separately described the "Angeln," one type of nematocyst common to hydra. (The "Angeln" is now referred to as a "stenotele.") The last two workers postulated that a liquid venom was injected from the dart or "Angelhaken" of the stenotele into an unfortunate victim. Doy~re (1842) imagined this type of nematocyst to consist of a long tube which upon activation everted "par un * This investigation was supported by a research grant (E-1720) from the National Institute of Allergy and Infectious Diseases, United States Public Health Service. 69 retournement en doigt de gant." He also described two other types of nematocysts found in h y d r a and in addition described the cnidocil or presumed triggering mechanism of some nematocysts. Haime (1854) was the first person to use the term "nematocyst." From that time, rapid progress was made in understanding the nature of the nematocyst. By the turn of the century, M u r b a c h (1894), Iwanzoff (1896) , Schneider (1891) , , Toppe (1910) , Ewald (1916) , and Schulze (1914) all agreed that the nematocyst was an intracellular product consisting of a capsule within which was coiled a more or less complicated tubule. I t was further generally agreed that, upon proper stimulation, the tubule would evert, turning inside out to form a rigid external tube.
T h e most outstanding work, however, was done 70 NEMATOCYSTS OF HYDRA. I
by WeiU (1925 WeiU ( , 1934 . He not only compiled and organized all of the previous work, but also made numerous contributions to our knowledge of the morphology, physiology, and development of nematocysts, and indicated their taxonomic importance. Since Weill's work, little has been added to our knowledge of the morphology and development of nematocysts. Rather, physiological studies were undertaken dealing with such problems as what causes excitation of nematocysts, how does a nematocyst fire, and what are the nature and effects of the penetrant. Jones (1941 Jones ( , 1947 , Kepner et al. 0943, 1951) , Pantin (1942 Pantin ( a, 1942 , and Pantin and Pantin (1943) have contributed much to our understanding of these problems. "get all of the problems are by no means solved and many of them continue to be much in debate.
The authors find especially intriguing such subjects as the development of the nematocyst, the fine structure of the nematocyst and cnidoblast, the function of the cnidocil, the mode of discharge of the nematocyst and the derivation of the external filament.
A topic of major current interest to the cytologist is the means by which the various cell organelles are formed, and the nematocyst, because it is a cell organelle of extreme complexity, seems particularly worthy of investigation in this regard. Although studies of 'fine structure per se are admittedly of limited interest to the sophisticated biologist, it cannot be denied that they are difficult to surpass as sources of fascinating new information and stimulators of student interest.
The cnidocil is an enigmatic structure. It is thought to have some role in the triggering of the firing mechanism of the nematocysts of those cnidoblasts which form a cnidocil. Yet, some nematocysts function adequately without a cnidoell. The mode of discharge of the nematocyst, although extensively investigated in recent years, seems therefore worthy of a reinvestigation with higher resolution techniques for the sake of clarification of concepts. It is of course important to know whether the external filament is formed immediately before its extrusion or whether it is really only the everted but otherwise unchanged inner filament. It is equally important to know how the filaments are formed as such information could bear upon the subject of structure formation by sol-gel changes, especially if the external filament is shown to arise from a homogeneous mass or magma. This paper and the one which follows it record the results of an electron microscope study undertaken in an attempt to elucidate some aspects of the problems cited above.
Materials and Methods
Electron Microscopy.--Entire hydras (Hydra vulgaris and Hydra littoralis) as well as amputated tentacles were fixed in a variety of fixing solutions. Reasonably good preservation of the nematocysts was obtained by fixation for 1 hour in 2 per cent osmium tetroxide which contained 0.8 per cent sodium chloride, and by fixation for 1 hour in 2 per cent solutions of potassium permanganate in pond water. The latter fixative resulted in much better preservation of the cytoplasmic structures. (The other fixatives were 10 per cent formalin, 2 per cent osmium tetroxide + 1 per cent sucrose + 0.1 per cent calcium chloride + 0.8 per cent sodium chloride, 1 per cent osmium tetroxide buffered to pH 7.4 with acetate-veronal, Dalton's fixative (1955) , and 2 per cent osmium tetroxide + 1 per cent sucrose.)
Following fixation, the specimens were washed in 0.8 per cent sodium chloride or in pond water, dehydrated through a graded ethyl alcohol series and infiltrated with a mixture of 60 per cent n-butyl methacrylate and 40 per cent ethyl methacrylate, which had been catalyzed by the addition of 1.5 per cent luperco CDB. Polymerization was carried out at 72°C. for 36 hours.
Sections were cut with the experimental, thermal expansion advance ultramicrotome described by Hillier and Chapman (1954) or with the Porter-Blum ultramicrotome using glass knives prepared in the laboratory. The sections were floated onto 40 per cent acetone and picked up on collodion-coated 200 mesh copper screen. Electron microscopy was carried out with an RCA electron microscope, type EMU-2D, which was equipped with a 0.015 inch externally centerable (Canalco) platinum condenser aperture and a 45 # copper objective aperture in the standard objective pole piece.
Interference Microscopy.--An entire hydra was placed in pond water in a depression slide. The mouth region with the attached tentacles was severed from the stalk with a razor blade and was transferred along with a drop of pond water to a glass slide. A cover glass was placed over the specimen, pressed down gently to make a "squash preparation" and was sealed with "vaspar." If the preparation is allowed to remain at room temperature for 12 to 24 hours, bacterial action usually will clear much of the cellular material from the preparation and facilitate the observation of the nematocysts. Appropriate fields were micrographed at 71 1000 X with the shearing system of lenses of the AO Baker interference microscope.
OBSERVATIONS AND DISCUSSION

A. Optical Microscope Observations.-
The morphology and physiology of the nematocysts of hydra, as observed through the light microscope, are summarized here to provide the necessary background for the electron microscope observations.
Nematocysts are, in general, rounded at the basal end and pointed at the other. A tube of variable length and diameter lies within their thick, double-walled capsules (Hyman, 1940; Kepner et al., 1943) . Weill (1934) recognized seventeen different types of nematocysts in the Coelenterata, based on the nature of the discharged tube, thus indicating the taxonomic value of this structure. (Four of these seventeen types occur in hydra.) The basal region of the tube may be enlarged into a "butt" or the tube may be of uniform diameter throughout. Spines of different sizes and shapes may occur on both the butt and the tube beyond the butt or on either of these regions alone, or the tube may be naked (Hyman, 1940) . In undischarged nematocysts, the tube is thought to have a definite arrangement within the capsule and this disposition is also considered to be of taxonomic importance. Frequently the spines are seen to be arranged in rows which spiral in a clockwise direction when the tube is viewed from the capsular end.
The desmoneme, or volvent, is slightly pearshaped and is the most common type of nematocyst in hydra (D in Figs. 1 to 4, 7 to 9, 12, and 14 to 16). Its discharged tube is short and thick, closed at the distal end and is unarmed except for fine spinules appearing on its inner portion. The center of this tube appears negatively birefringent, while the periphery is positively birefringent (Picken, 1953) . When discharged, the tube appears as several tight coils (Fig. 9 ). This type of nematocyst is used to capture prey (Ewer, 1947) .
The holotrichous isorhizas (HI in Figs. 8 and 17 to 19) , or streptoline glutinants, are sausageshaped and each contains a tubule of relatively small but uniform diameter. Along the entire length of the discharged tubule are parallel rows of spinules spiralling in a clockwise direction. The holotrichous isorhizas are generally considered to be glutinants or affixing nematocysts (Kepner eta/., 1951) , but Zick (1929) has demonstrated that they exert a stinging or penetrating action. Figs. 8 and 20) , or stereoline glutinants, are similar to the holotrichous isorhizas, but are somewhat smaller and the discharged tube is devoid of spinules. They have a locomotor function and occur as commonly as the holotrichous isorhizas, that is, two or three for each battery mother "cell" (Ewer, 1947) . (A battery mother cell is a single mononucleated epidermal cell which contains within its cytoplasm a number of nematocytes.)
Atrichous isorhizas (AI in
The fourth and largest type of nematocyst of hydra, the stenotele, will be discussed in the following paper. Nematocysts are formed within interstitial cells termed cnidoblasts (CB in Figs. 3 and 4). These cnidoblasts develop far from their final destination, migrating there partly by ameboid motion and partly by transport in the enteric cavity. Differentiation is completed at their final destination, where they become fixed within giant battery mother "cells" located in the ectoderm, primarily the ectoderm of the tentacles. They arrange themselves (according to Gelei, 1927) in concentric zones about a single stenotele as if in a series. In rare cases two stenoteles occupy the central region of the giant battery "cell." This arrangement corresponds to a metabolic gradient of some sort (Picken, 1953) , as the holotrichous isorhizas, atrichous isorhizas, and desmonemes form respectively wider rings about the central stenotele.
A bristle, or cnidocil (cd, in Figs. 1, 5, 6, and 11) projects from the exposed surface of some nematocysts, supported by a circle of stiff rods. If the nematocyst is viewed from this surface the cnidocil appears set within a kind of crater formed by the stiff supporting rods. As mentioned in the introduction, cnidocils are thought to perform some sort of triggering function, setting off the mechanism of discharge.
B. Fine Structure of Nematocysts.--
The nematocytes or cnidoblasts are long, relatively thin cells situated in the ectoderm or epidermis and comprising most of the ectoderm of the tentacles (Fig. 1 ). Each contains a single nematocyst at its apical end, from which the cnidocil (cd) extends into the environment. Mitochondria (iF/) appear around the nematocyst 72 NEMATOCYSTS OF HYDRA. I base, often in such numbers that they completely surround its basal portion, forming a mitochondriaI hemispherical shell (Fig. I) . Elements of the endoplasmic reticulum (Er) appear dispersed throughout the nematocyte cytoplasm. Golgi apparatus (Gg) is characteristically situated directly centripetal to the mitochondria. It will be mentioned again later in connection with the discussion on nematocyst development. The nucleus (iV) of the nematocyte is large and irregularly shaped and lies basally (Fig. 1 ).
The mesoglea (Ms) lies directly beneath the ectoderm (Ec) (see Fig. 2 ). "It is devoid of cells or fibers and consists of a thin gelatinous membrane" (Hyman, 1940, 381) . The entoderm (En), (Hyman, 1940) . The orientation of the nematocysts with respect to these three layers can be seen in Fig. 2 .
Little difficulty is encountered in distinguishing, in the electron microscope, three out of four types of nematocysts found in hydra. The numerous desmonemes (Figs. 1 to 4, 7 to 9, 12, and 14 to 16) are 4.0 to 4.5/z long and contain within their thin capsules a thick, highly foliated tubule surrounded by a dense matrix. The isorhizas (Figs. 1, 8, and 17 to 20) are larger than the desmonemes (5.0 to 10.0 ~) and are more elongated. Within their capsules flattened tubules can be seen surrounded, as in the desmonemes, with a dense matrix. A good comparison of the desmonemes and isorhizas may be made by examining Fig. 1 . The two types of isorhizas could not be distinguished with certainty, their only difference being one of size and the presence or absence of spines. The presence of spines could not be established when these nematocysts were in the undischarged and mature state. The magnitude of the size difference was not sufficient to make identification certain as medial sections could not be guaranteed.
Desmonemes.--The capsular wall (C in Fig. 1) consists of keratin or chitin and is about 1100 A thick. Membrane relationships occur similar to those which will be described in considerable detail for the stenoteles, where they are more readily seen.
The operculum appears as a fiat lid closing the mouth of the capsule. An opercular chamber (oc,
Figs. 5 and 6) occurs in association with the desmoneme. The cnidocil (cd, Fig. 1 ) projects from the epidermis somewhat to the side of the longitudinal axis of the desmoneme. These last two features combine to allow for the ready opening of the operculum.
An invaginated capsular walP (ICW, Figs. 1 and 6) may be observed. No "spines" (or vanes) or stylets were seen within the structure in the undischarged state. The capsular matrix appears extremely dense and amorphous. A comparison of the undischarged desmonemes (Figs. 1 and 6 ) with the discharged one ( Fig. 7) leads one to the conclusion that the invaginated capsular wall of the desmoneme evaginates in a manner similar to that which will be described for the stenotele in the following paper. Fig. 9 indicates that the matrix of the desmoneme is extruded into a short coiled tube. The appearance of the discharged desmoneme tubule in this interference micrograph is compatible with its appearance in the electron micrograph in Fig. 7 .
In Fig. 7 , the volume of the material included within the capsule appears somewhat reduced, the capsular wall having shrunken away from the nematocyte cytoplasm. Jones (1947) showed that the desmonemes decreased in size in the discharged state by 34 per cent. This suggests that the undischarged capsule may be inflated by an internal pressure and that springing of the operculum allows the capsule to release this pressure, with evagination of the invaginated capsular wall and tubule and deflation of the capsule.
Isorhizas.--The atrichous and holotrichous isorhizas cannot be distinguished with certainty in the undischarged mature state; therefore, both types of isorhizas will be considered together.
The capsule, as in the desmonemes, is composed of a chitinous or keratin layer of about the same thickness as that of the desmonemes (Fig.  1) . Unfortunately capsular membrane details for the isorhizas have been obscured in preparation: Within the capsule, a matrix of similar density to that found within the capsule of the desmon-1 Although the terminology applied to the ICW is suggestive of a mode of origin, it is not intended to reflect the opinion that this is indeed how the ICW does originate. The term was selected upon realization of the fate of the structure. emes surrounds what appear to be flattened tubules of varying diameter (T, Fig. 1 ). The appearance of these tubules in the developmental stages suggests that they may be hollow structures (Fig. 20) but at least that they are involved in the formation of the spines (Fig. 19,  arrows) .
The location of the mitochondria (M) around the basal portion of the nematocyst is particularly pronounced in the isorhizas (Fig. 1 ). An interesting indication of the relative numbers of mitochondria associated with the different kinds of nematocysts is shown in Fig. 1 , in which there are ten mitochondrial profiles around the base of the isorhiza and only one, possibly two, around the base of the desmoneme. This apparent affinity of mitochondria for particular types of nematocysts tends to suggest a functional significance, or perhaps a stage in development in which mitochondria are more prevalent. It should be noted that around the base of some isorhizas there are fewer mitochondria. This may be due to the plane of section, most of the mitochondria being located medially, or it may be due to the two distinct functions of the isorhizas. As mentioned earlier, one type, the atrichous isorhiza, functions in locomotion, while the other type, the holotrichous isorhiza, functions most probably in defense. These observations may then reflect a correlation between the number of mitochondria and the functional type of isorhiza.
No sections through isorhizas included cnidocils or opercula.
The Cnidocil and Its "Supporting Structures."
--In longitudinal section the cnidocil consists of an amorphous, dense core (Co) and a peripheral, less dense,'fibriUar sheath (cs) (Figs. 1, 5 , and 11). The core has a density comparable to that of the matrix of the desmonemes and isorhizas. The cnidocil of the desmoneme in Fig. 1 resembles closely in its fine structure the cnidocils figured by Bouillon et al. (1958) in that it possesses a core (Co) and a fibrillar sheath (cs). It, also, is situated in a chimney-like structure (cc).
Under the light microscope, cnidocils have been seen to bend double, thus illustrating their flexibility. At the same time, they are sensitive to very slight mechanical pressure.
In cross-section ( Fig. 10) it is seen that the core appears to have a scalloped margin suggesting that the sheath may contain nine rodlike structures (r). Nine elements (Spl), nearly circular in cross-section, each with a dense liraiting membrane, appear disposed in a semicircle about the cnidocil. The largest of these elements attain a diameter of 1900 A. They would seem to correspond to the "supporting rods of the cnidocil" (Hyman, 1940, 388) . Within this senticircle, approximately twenty smaller but otherwise similar structures (spo) appear disposed in a ring. These structures apparently correspond to the "supporting rods of the cnidoblast" (Hyman, 1940, 388) . The relation between these rod-like structures and the cnidocil and capsule is difficult to define since this region is particularly susceptible to preparation artifacts. However, it can be seen that at least some of the members of the inner ring of twenty elements are in intimate contact with the surface of the capsule (arrows in Fig. 12) . Fig. 12 also shows what appear to be connections (x) between members of the twenty element ring and nine element ring.
Figs. 5 and 6 indicate a close approximation of the base of the cnidocil to one edge of the operculum. This relationship suggests that the cnidocil may "unlatch" the operculum.
In longitudinal section, the cnidocil is seen to bifurcate near the point of contact with the operculum (Figs. 5, 6 , and 11). Such a configuration probably represents a longitudinal section through a cylindrical body and is quite similar to that presented by basal bodies associated with cilia (Fawcett and Porter, 1954; Porter, 1955-56) . This similarity, in addition to the general appearance of the cnidocil, constitutes strong evidence in support of the interpretation that the cnidocil is a modified cilium. Bouillon et al. (1958) , however, consider that the cnidocil possesses its own structure anatomically distinct from that of cilia or flagella. It might be mentioned that Bouillon et al. describe a whorl of nine fibrils surrounding the cnidocil but make no mention of the ring of twenty elements herein described. This difference may signify a definite anatomical variation, it may reflect a deficiency in preparative technique, or a sampling vicissitude.
The nine outer structures, one of which is labelled spl in Fig. 5 , may be thought of as providing support for the cnidocil since they are so close to it and are so large. The twenty inner structures (sp2 in Figs. 10 and 12 ), although they may also have a supporting function, seem more reasonably, because of their proximity to the capsule, to be involved in capsular behavior. They might, for example, play a part in spring-ing the operculum or altering capsule permeability. The former could be possible if a deflection of the cnidocil caused the basal end of one or more of these structures to indent the capsule near its equator and so tend to increase the diameter of the capsule at the operculum. Such a diameter increase could help to trip an operculum latch. On the other hand, if these structures were contractile, they could, by contracting, increase a macromolecular spacing in the capsular wall and so increase permeability. These possible functions of the supporting structures suggest that the latter are worthy of further investigation.
C. Mechanism of Nematocyst Discharge.-
The morphological observations recorded on the preceding pages provide an adequate background of information for a discussion of some of the classical concepts of the mechanism of nematocyst discharge and for relating those concepts to some new ideas on the subject.
It seems reasonable to commence such a discussion with a consideration of the cnidocil and its role in a nematocyst discharge. Although nematocysts which do not possess cnidocils appear to function satisfactorily, suggesting that the cnidoeil is unnecessary for nematocyst discharge, it seems likely that, in those nematocysts which possess them, the cnidocils have a function. How and by what the cnidocil is activated remain interesting questions. The fact that each type of nematocyst is more sensitive to certain stimuli than to others suggests that there are differences in cnidocil sensitivity. Such differences could be due to differences in the physical or chemical constitution of the cnidocil or to the kind of contact or relation between the cnidocil and the nematoeyst. According to Hyman (1940) , the cnidoeil is thought to be a highly selective device whose response to a stimulus depends upon the texture and shape as well as on the chemical emanations of the source of stimulation. Hyman (1940, 389) presents some fascinating reports of the reaction of some nematocysts only to bristly prey, of others only to smooth surfaces, and of the failure of animals satiated with food to react against usually acceptable food animals. Parker and Van Alstyne (1932) , Pantin and Pantin (1943) , Picken (1953) , and Robson (1953) have postulated a chemoreceptiveness of the enidocil. Yanagita (1943) stimulated discharge with acids and bases. Pantin (1942 a and b) has reported that for some nematocysts (1) mechanical contact with a sterile glass rod evokes no discharge; (2) presence of hydra in a medium concentrated with food likewise evokes no response; (3) combination of the conditions in (1) and (2) results in complete discharge. These observations are taken to suggest that food extracts lower the threshold to mechanical stimulation. Ewer (1947) has shown that copepod extract inhibits the discharge of atrichous isorhizas--a useful effect for this type of nematocyst is concerned with locomotion. These observations, then, present evidence that a chemical action may result in a raising or lowering of the threshold for response to mechanical stimulation. However, as Ewer (1947) states, the mechanism of this control is unclear. One might speculate that a chemical which tended to solate the cnidoeil and render it more flexible would thereby make it less effective in deforming the capsule and unlatching the opereulum. Thus, the threshold to mechanical stimulation would be raised. A chemical which tended to gelate the cnidocil would have the reverse effect.
The already complex situation is further complicated by the observation by Glaser and Sparrow (1909) that conditions which lead to the prompt discharge of a nematocyst contained within its nematocyte have no effect on isolated nematocysts. They also observed that narcotization of a nematocyte prevents discharge of its nematoeyst. Jones (1947) also stated that narcotization or removal of the nematocyte prevented discharge of the nematocyst. He believed that this was due to the inability of the operculum to open in the absence or malfunctioning of the nematocyte. Kepner et al. (1943) believed that the contractile fibrils of Gelei served to spring the opereulum. All of these observations suggest that the nematoeyte plays an integral role in the initiation of the discharge process.
It should be mentioned, at least briefly, that a stimulation by way of a nerve net had been thought by Chun (1881) , Lendenfeld (1887) , and Murbach (1893) , as cited by Jones (1947) , to cause nematocyst discharge. Iwanzoff (1896) and Parker and Van Alstyne (1932) were unable to agree with this idea and thought of discharge as being localized to the individual nematocysts. The latter interpretation is now generally accepted. The present study found no evidences of a nerve net.
We may now go on to describe the mechanism of discharge. An appropriate mechanical stimulus causes the cnidocil (which may have had its threshold to respond lowered by some chemical emanation from the source of stimulation) to unlatch the operculum directly or indirectly by activating the nine outer supporting structures and/or the twenty inner supporting structures. The nine outer structures might act on the operculum proper and the twenty inner structures might act on the capsular wall, indenting it and tending thereby to broaden the mouth region and so unlatch the operculum. The operculum would now spring open into the opercular chamber. Presumably, the interior of the capsule is under increased pressure. On the springing open of the operculum, this pressure causes the invaginated capsular wall to evaginate.
There still remains the need to explain how the tubule gets to the outside of the capsule. DoySre (1842) postulated an "eversion theory" by which the tubule was supposed to evert, much as an invaginated finger of a rubber glove would evert if one blew into the glove. This theory was supported by Grosvenor (1903) and Glaser and Sparrow (1909) . It seems that this theory accurately describes the evagination of the invagihated capsular wall but that it is unlikely that it applies to the long external filament.
Dujardin (1845) postulated a "coiled-spring theory" wherein the tubule was described as firing directly out of the capsule. Kepner et al. (1943 Kepner et al. ( , 1951 ) postulated a "magma theory" in which it was stated that an internal filament and the capsular matrix were converted into a "magma" which, on being extruded from the capsule v/a an elaborate nozzle formed by the stylets on the spinneret, was again converted but this time into an external filament. The forces involved in bringing about the extrusion of the capsular contents are unknown. Presumably, water enters the capsule from the nematocyte either by an active transport system or by a change in the permeability of the capsule membranes, or both. As more internal pressure is built up from water passing into the capsule, the capsular contents are extruded.
Until the external filament can be studied in a thin section, no more can be said about its fine structure and therefore about its relation to the contents of the undischarged capsule.
D. Development.-According to Kepner et al. (1943) , cnidoblasts arise from interstitial cells of the oral ~ of the body. These young nettle cells are then said to enter into the cytoplasm of endodermal cells, which subsequently give them over to the enteric cavity. They drift about in the gastric fluid until they are picked up by pseudopodia of endodermal cells which deliver them to the ectoderm of the tentacles. In the ectodermal site, the cnidoblast, having produced the penetrant, differentiates contractile fibrils (not observed in the present study), and a cnidocil. The amount of movement exhibited by the cnidoblast during this process, precludes any direct nervous control of differentiation, but humoral mechanisms may, of course, be active. (It is interesting to note that this effector apparently never does experience a direct nervous control.)
Figs. 3 and 4 show a cnidoblast (CB) at one stage in its migration to its final destination in the tentacle ectoderm (Ec). The cnidoblast is located in the endoderm at its distal border, just beneath the mesoglea. Once in the tentacle ectoderm the cnidoblast orients itself with its apical end (containing the nematocyst) toward the outside, the basal end toward the endoderm. Old nematocysts and fired nematocysts are digested in the endoderm or otherwise destroyed and new nematocysts take their place in the battery mother cell.
Several micrographs have been obtained which illustrate the appearance of desmonemes and isorhizas at various stages in their development. A more complete developmental sequence will be found in the following paper on the stenoteles.
Desmonemes.--An early stage in the differentiation of a desmoneme can be seen in longitudinal section in Fig. 15 . An even earlier stage appears in cross-section in Fig. 14 . At least three different density-texture types of material may be distinguished within the capsule. The densest type, disposed peripherally as several discrete masses (which may actually be a continuous mass) seems destined to become the dense material which nearly fills the capsule of the desmoneme in Fig. 1 . The material of intermediate density, which appears in Fig. 15 as a conspicuous central mass, seems to be converted into the denser material for none of the former material is observed in the mature desmoneme 76 NEMATOCYSTS OF HYDRA. I (Fig. 1) . The lowest density material, disposed more or less as a ring, between the other two classes of material, in Fig. 15 resembles closely the capsule in density and texture and therefore is thought to be incorporated into the invaginated capsular wall (ICW) of Fig. 1 . Fig. 16 represents a considerably later stage in desmoneme differentiation than does Fig. 15 . The capsule is now nearly filled with rather coarse, extremely dense granules. The capsular content now closely resembles the appearance of that in Fig. 1, except for the granularity. The invaginated capsular wall (ICW) has assumed a nearly mature form.
It seems that the desmoneme undergoes little differentiation at its final ectodermal location. The enidocil is produced there but few other morphological changes occur. The appearance of the desmoneme at or near the end of its migration may be seen in Figs. 1 to 4. The cnidoblast in Fig. 1 is oriented in the ectoderm so that its basal end terminates near the mesoglea and its apical end terminates near the surface of the tentacle, from which the cnidocil protrudes.
Isorhizas.--The two types of isorhizas (holotrichous and atrichous) can be distinguished with some confidence in their developmental stages by their size and by the presence or absence of spines in the undischarged state. Figs. 17 to 19 show spines or vanes (arrows) developing in the tubules of the holotrichous isorhizas while none can be positively identified in the atrichous isorhizas (Fig. 20) . The holotrichous isorhizas also appear to be appreciably larger, but this may be owing to planes of section. The intracapsular matrix of the holotrichous isorhizas appears to be less dense than that of the atrichous isorhizas.
The holotrichous isorhizas begin to differentiate pretubule material (T) as soon as the capsular wall appears. Almost at the same time, spines begin to appear in the pretubule material (Fig. 19) .
The atrichous isorhizas, like the holotrichous isorhizas, begin to form tubules after the capsule appears. These tubules, however, are of much larger size. They consist of a homogeneous tubular wall (T) which encloses a low density material containing several dense particles, (Fig.  20) . There is a possibility that these dense particles represent poorly preserved spines. The occurrence of spines in some atrichous isorhizas has been reported by Semal-Van Gansen (1954) . These tubules are embedded in an intracapsular matrix of somewhat lower density than the tubular material itself. The mature stage, which appears in Fig. 1 , shows an isorhiza with dense matrix and flattened tubules.
In his studies of nematocyst development, Weill (1934) states that he is able to distinguish most often a nematocyst of a form which he thinks is probably an artifact due to fixation. The description of this nematocyst is such as to make one think that what he sees is actually a nematocyst which has collapsed upon itself. Such a structure is indicated in Fig. 13 . In this study only a few such nematocyst configurations have been observed. Weill (1934) 
